We have studied the effect of the ratio of different rare-earth element on the superconducting properties and phase formation of (Nd 0 33 Eu 0 08 Gd 0 58 )Ba 2 Cu 3 O ceramic. Bulk NEG samples were prepared using the solid-state reaction process. The superconducting transition for Nd 0 33 Eu 0 08 Gd 0 58 Ba 2 Cu 3 O is T ≈90 K and the value of the critical current density (J ) is 13.9 A/cm 2 at 77 K under zero magnetic fields. This value is twice as high when compared with the (J ) value of YBCO systems (J =7.31 A/cm 2 ). The obtained bulk sample was used for the production of superconducting Ag-sheathed tapes by OPIT method including hot rolling. The critical current density of the obtained tape (337 A/cm 2 ) is one order higher than the one of the bulk sample. 61.10Nz; 68.37Hk; 68.55Jk. 
Introduction
The compact high performance bulk high-T superconductors enable production of permanent super-magnets that can trap magnetic fields much stronger than conventional ferromagnets. The electromagnetic performance of LRE-Ba 2 Cu 3 O (light rare earth, LRE = Nd, Sm, Eu, Gd; LRE123) materials is much better than that of Y-123. As already shown in several reports [1] [2] [3] NEG-123 (NEG = Nd 1− − Eu Gd ) bulk superconductors exhibit superior pinning characteristics, uniform microstructure and good reproducibility. However, for applications above 77 K, a further pinning enhancement, especially in high magnetic fields, is needed. Recently [4] , it was found that a distinct range of the rare earth chemical ratio in the (NEG)Ba 2 Cu 3 O system strongly affects the pinning properties at high magnetic fields. Additional increase of the critical current densities and hence, of the diamagnetic signal in the superconducting state is provided by the recent development of ternary compounds comprising three LRE elements in the 123 structure. In order to understand the superconducting properties, many researchers [5] [6] [7] have studied NEG samples obtained by melt texture growth, but additional investigations relating the application of these materials will be very useful.
In this work we report the synthesise of homogeneous Nd 0 33 Eu 0 08 Gd 0 58 Ba 2 Cu 3 O bulk sample, enriched in Gd and the production of Ag-sheathed superconducting tape by Oxide Powder In Tube (OPIT) method. To optimize and control the final 123-phase formation in the NEG matrix, all quenched samples were analyzed using XRD, SEM and EDS technique.
Experimental
Bulk NEG samples were prepared using the solidstate reaction process.
In this method, first highpurity commercial powders of Nd 2 O 3 , Eu 2 O 3 , Gd 2 O 3 , BaCO 3 and CuO, are mixed in a nominal composition of (Nd 0 33 Eu 0 08 Gd 0 58 )Ba 2 Cu 3 O , grounded and heat-treated in corundum crucibles at 900±2 0 C for 21 h in flowing oxygen. After cooling to room temperature, the reacted sample is grounded and heat-treated at 930±2 0 C for 21 h again in flowing oxygen. The samples are pelletized in cylindrical shapes using a hydraulic press at a 6 MPa. Then the pellets are placed in a corundum crucible and sintered at 950±2 0 C for 23 h in flowing oxygen. Subsequent cooling to 450±2 0 C and retention at this temperature for 23 h helps the growth of the orthorhombic superconducting phase. Finally a slow cooling of the samples to room temperature is performed. The obtained bulk sample was used for the production of superconducting Ag-sheathed tapes by OPIT method including hot rolling. The tube used was made by pressing and drawing of Ag with 4N purity. The dimension of the tube was inner diameter -3.6 mm; thickness -1.1 mm. The OPIT method including filling up and mechanical packing of the superconducting powder in the silver tube, rolling of the tube until the forming of the tape, thermal treatment and sintering of the 1:2:3 phase. For deformation of filled Ag tubes, we chose longitudinal rolling as described in [8] . The total degree of deformation was 220% for rolled tapes with thickness 0.3 mm. During "hot rolling" the material was heated in advance up to 825 0 C for 1 h followed by rolling at room temperature. In this way, obtained tapes were subjected to thermal treatment in oxygen under optimal conditions -heating up to 890 0 C for 21 h with isothermal delay, cooling slowly to 450 0 C and keept at that temperature for 23 h. Phase identification and purity of all samples was determined by X-ray diffraction and Electron microscopy. The microstructure of the tapes was studied with a Jeol JSM-840 A scanning electron microscope (SEM). The chemical composition of the samples was determined by the X-ray microanalyses and using energy dispersive spectroscopy (EDS) on a LINK Analytical AN10000 system. The oxygen content was determined with spectrophotometric method [9, 10] . Temperature dependence of critical current density at zero magnetic fields was measured in specially designed device from 77 K up to T using four-probe contact method. The necessary temperature was stabilized by scheme including PID controller with 10 mK accuracy [11] . The current in the circuit was determined by measuring voltage on 10 ohms standard resistor. The 10 µV/cm voltage criterion was used for critical current definition. Voltage has been measured by digital voltmeters with sensitivity 100 nV and accuracy 0.5 µV. The investigated samples have been prepared with the minimal cross-section 0 8 × 2 mm 2 , in order to avoid heating of the samples, and 10 mm length. The value of critical current density is calculated using the ratio:
, where I is the measured current and F is the cross-section of the sample. 
Experimental results
The X-ray diffraction scan of Nd 0 33 Eu 0 08 Gd 0 58 Ba 2 Cu 3 O bulk sample prepared by the solid-state method is show in Fig. 1 . Most of the peaks were indexed according to the orthorhombic YBCO structure [12] following Pmmm space group, a small inclusion of unknown impurities is also marked in the diffractogram. The calculated cell parameters 1 , after fitting these lines to orthorhombic structure, are = 3 851 ± 0 002 Å, = 3 903 ± 0 002 Å and = 11 702 ± 0 006 Å. The length of the c-axis observed in our samples is higher than the values observed in corresponding YBCO single-crystal sample. Rietveld refinements of crystal structure performed using X'Pert High- 1 Score Plus 2 showed that Gd, Nd and Eu atoms take as expected the Y (0.5; 0.5; 0.5) position in the crystal cell. In addition, Nd is also present in the Ba (0.5 0.5 0.18) position. The O 2 position occupancy is 0.78 with total oxygen content in the sample of 6.86±0.008 [13] . According to the spectrophotometric method, the oxygen content in this system is 6.98. The superconducting transition for Nd 0 33 Eu 0 08 Gd 0 58 Ba 2 Cu 3 O is T ≈90 K and the value of the critical current density (J ) is 13.9 A/cm 2 at 77 K under zero magnetic fields, Fig. 2 . This value is twice as high when compared with the (J ) value of YBCO systems (J =7.31 A/cm 2 ) [8] . According XRD result the superconducting 123 phase and T =90 K in obtained tape is preserved. Figure 3 shows the scanning electron micrographs of the NEG sample. The SEM analyses revealed a plate-like structure. One can see structure with large crystals -10-20 µm. According to the EDS result material, consist averagely of 2.9% Nd, 5.8% Gd, 0.7% Eu, 15.7% Ba, and 22.7% Cu. This result is an indirect confirmation of the diffraction data for the presence of stoichiometric 123 phases. The barium (Ba) and copper (Cu) are homogeneously placed in the grains structure while the concentrations of Nd, Gd and Eu vary from crystal to crystal. SEM image of the superconducting core for obtained tape is present in Fig. 4 One can see that the crystals size is preserved. The obtained tape by OPIT method has a higher critical current density (J =337 A/cm 2 ) than bulk sample, due to the enhancement of grains contact after rolling.
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Conclusions
Bulk Nd 0 33 Eu 0 08 Gd 0 58 Ba 2 Cu 3 O superconducting sample, enriched in Gd was prepared by the solid-state reaction. The XRD analyses show that the new NEG system is essentially single-phased with 123 orthorhombic structures, confirmed by EDS analyses. The SEM analyses revealed a plate-like structure. Ag-sheathed NEG superconducting tapes were produced by OPIT method using hot rolling regime. The structure of the superconducting phase is preserved according to SEM. The critical temperature of the tape is the same as that of the bulk sample (T =90 K). The critical current density of the obtained tape (337 A/cm 2 ) is one order higher than the one of the bulk sample.
